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Pablo J . Dia z Cr uz Dec embe r 1982 52 page s 
Di r ecte d by: Dr. R. D. Farina, Dr . L. J. Boucher, a nd 
Dr. J . T. Riley 
De partmen t of Chemistry Western Kentucky University 
Kine tic studies of the cobalt(II ) -4,4',4",4"'-tetra_ 
s ulfophthalocyanine and cyanide system were performed under 
a r gon and in air over temperature ranges of 294-314°K and 
294 -324°K, respectively. Two reactions were det e c ted und e r 
a r gon. One was quite rapid and was f o llowed on the s t opped-
f low apparatus. The results are consist ent with the pe rtur-
bation of a monomer-dimer equilibrium. The second r eaction 
was slow enough to be fOllowe d spectrophot omet ric a l l y on the 
Cary Mode l 14 spectrophotometer. The s econd order r ate 
constant o f 0 .11 M-lsec- l at 294 ° K has been a tt rib uted t o 
t he ra t e o f sub s ti t ution of t he second c yani e addition t o 
a dye - cyanide complex. Act ivatio n paramet e r s , 6H * and 6 • 
were obtaine d ove r a temperature range of 294-314°K yi el ing 
values of 3 ± 0 . 3 kcal/mol and - 56 ± 5 e . u ., r e pect i vely . 
Re e xami nat ion of this sy st em in a i r r e vealed thr e 
react ions. The first reac t i on was r ap i d and mea ur bl on 
t he stopped-flow apparatus. Thi s r eact i on ha s be n i n e r -
preted as a pert urbation of the monome r - dime r ui l i r i um. 
vii 
The othe r r eactions we r e monitor ed on the Car y Model 14 s pec -
t r opho tometer and produced a bi phas ic ki ne tic c urve . The 
slower r e action yields a rate c o nstant , ks o f 3 . 4 ± 0 . 1 5 x 
1 0- 3 s -l at 294 ° K and is in a gre e ment with the value report e d 
for the dissociat ion of the dimer when c o rrec t ions are made 
for differences in ionic strength. The a ct ivation parameters 
8H* and 8S* for t he slow step were calculated to be 9 . 1 ± 
0.9 kcal/mole and - 39 ± 3 e.u., respectivel~ over a tempera-
ture range of 294 -324° K. We have no good explanation for 
the faster step, kf. However, a linear plot of In(dye concen-
tration) vs. time shows kf is a first order rate constant with 
a value of 2.0 ± 0.15 x 10-2 s - l at 294 ° K. The re was no 
depende ncy of kf on oxygen conc e nt r ation, t hus oxidation in\'olving 
mo lecular oxygen is excluded as a possib le step . Moreove r, 
there is no simple relationship between kf and cyanide concen-
tration. Activation parameters, 8H1 and 6S ~ of 7. 6 ± 0 . 5 kcal / 
mole and - 40 ± 4 e.u., respectively,were o btained over a 
temperature range of 294 - 3240 K. 
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I TRODUCTIO 
Ph t halocyanine and metallophthalocyan i ne molecul e s 
are of g r eat technol o gical and biological importance. They 
are highly colored species with staining properties r e levant 
to the dye industries , especially in the manufacture of blue 
1-6 
and green pigments . They are struc turally similar to the 
porphyrin 
agents. 7- 9 
ring which renders them important as biolog ical 
They can also be used as catalysts and electro-
1-4 10-23 2- 4 24 - 27 catalysts,' photoconduc tors and photosenSiti zers, , 
28- 35 electrode and photovoltaic materials, heme and dismutase 
mOdels, 1 ,3 6-38 peptide synthesis rea gents , 39 modified supports 
for gas-solid chromatograPhy , 40 and prec rso rs for ne w low-
dimensional mixed-valence materials. 4 l 
The ring system of p hthalocyanine (PC) and porphyrin 
molecules consists of a planar structure conta1ning 9 pi bonds 
or 1 8 pi elec trons which c onform wit h Huckel 's 4n + 2 rule of 
aromaticity. The ring system of the PC molecule diffe rs fro m 
t he porphyrin molecule in that it contains fo r isoindo le 
units linked by azo nitrogens, whereas the po r phy rin r ing has 
me thi ne linkages inst ead . 3 Both molecul e s are amphot e ric 
since hydrogen ions can either be lost from two o f the four 
nit r o gen donor atoms to form the dianion or protonation can 
occur at the other two nitro en donor at oms. This simi larit y 
makes phthalocyanines a good model for the study and under-
standing of porphyrin behavior in biological systems. 
1 
2 
Since phthalocyanines and metallophthalocyanines (MP ) 
a re insoluble in water, sulfonate g r oups a r e added to the 
phthalocyanine ring forming the tetrasulfophthalocyanine (TSPC) 
species and its metal derivatives (MTSPC) which are water 
soluble. The me tal in MTS PC is bonded by four nitro en donors 
of the TSPC ligand as shown in Figure 1. When the TSP C metal 
complex loses hydrogen at the two nitrogen site~ as protons , 
the interoduction of divale nt metals produces the MTSPC with 
an overall charge of 4-. 
Studeis on various chemical and physical properties of 
4- 4-TS PC and MTSPC have been made using water as the sol-
vent. 7 ,10,42- 47 Other solvents and media have been used in 
4- 4-spectral studies of PC, MPC , TSPC , and MTSPC over extended 
7 4 8- 51 dye concentration ranges . ' In organic solvents, many 
of these dyes fOllow Beer's Law,but deviations from Beer 's 
Law occur in aqueous solutions due to aggre gation.52 
Salts of TSPC 4- and ~ITSPC4 - behave in water like organic 
dyes in forming dimers through interactions between the planar 
conjugated ring system. St udies of the dimerizat ion properties 
of MTSPC
4
- systems have been performed by examining dilute 
solutions wi t h concentrations of approximately 10- 7- 10- M. 4 3- 50 
Spectral studies demonstrate that an isobestic pOint and two 
bands are present in the far end of the visibl e range . 7 ,4 4- 47 , 51 
The bands have been attributed t o a monome r-dimer equil ibriu 
in which the monomer band is at the longer wavelength and the 
dimer band is locat e d at the shorter wavelength. Low c oncen-
trations favor the monomeric species while hi gh concentrations 
Fig ure 1. Typical Structure of a Tetrasulfonated 
Metallophthalocyanine Complex. 
3 
so-3 
50-3 
5 
favo r t he dimer ic spe cie s. Studi e s of porphyrins and dye 
compo unds show similar behavi o r in which a ggre gates for m 
in solution. 52 - 55 Temperature also affects the monomer-dimer 
equilibrium. Spectral stude is have indicated t hat increasing 
the temperature favors formation of monomer at the e xpense of 
the dimer since the heat supplied can be used to dissociate 
the dimer into monomer units. Using very low concentrations 
and high temperatures allows the equilibrium to be drive n 
strongly if not completely to the monomer. Addition of organic 
solvents such as methanol, ethanol, dimethylsulfoxide, dimethyl-
formamide, and pyridine to metallophthalocyanine systems cause 
the dimer to dissociate and form monome rs.43,45,47 
For COTSPC
4
-, the tetrasulfonated metallophthalocyanine 
compl e x selected in this study, there are identified spe c tra 
for the dimeric and monomeric forms in aqueous solution.44,4 6 , 51,56 
The monomer band appears at a wavelength of 663 nm and the 
dimer band at 626 nm with an isobestic pOint at 635 nm. These 
spectral observations have been attribute d to a monomer-dime r 
equilibrium from which a dime rization constant (KD) of 8 x 1 05 
M-
l 
has bee n r eported at 38 °C and at zero ionic strength, 
KD = (D)/(M)2 with units of (M- l ), where D is the concentration 
of the dime ric species and M is the conce ntratio n of the monomeric 
s pecies in solution. 
Crystallographic studies show that the metal is in the 
4- 57 4-same plane as the TSPC ring. For the CoTSPC s ystem , it 
has bee n proposed that the dimer in solution is formed by the 
over lapping interaction of extended pi electron clouds of the 
6 
4-highl y con jugated TSPC mol e cul e s of two paralle l monomeric 
s pecie s s t a gge r ed a nd s t acked above one anot he r. The calcu-
4-lat e d di s tance be twee n the two monome rs o f CoTSPC was found 
to be 5 A,44 whil e that of phthalocyanine was reported to b e 
3.38 ~. 58 
The polymerization process is very sensitive to ionic 
strength effects due to the high negative charge on the mono-
meric species which forms ion pairs with cations of electro-
lytes hence favoring polymer formation. Salt effects have 
been examined using electronic spectra and concentration-jump 
4- 44 46 relaxation techniques on the CoTSPC system.' Similar 
salt ef;ects were found in porphyrin systems. 59 ,60 
For dimer formation, the dye-dye interaction must be 
strong enough to overcome forces which would favor dimer 
dissociation. Low dielectric constant of the solvent enhances 
dimer dissociation due to the reduced screening of the 
coulombic dye-dye interaction by the solvent, whereas strong 
s o lvent-solve nt interactions tend to exclude the dye molecule 
from solution causing them to a ggregat e . It was propo sed 
that in solvents of low di e lectric constant the dye-dye inter-
a c t i on is the primary factor in the dimeri zation process. 61 
In organic solvents of relatively high dielectric constant, 
a ggregation 1s r e duced or is minimized suggesting int erference 
by the solvent. 5 2 In such solvents, a ggregates are stable 
only at low temperature and hig h viscosity. Aggregat e s are 
present 1n water and obviously complicate the studies of 
reactions involving the axial ligands with the dy e . 
7 
In many naturally occurring biological substances con-
taining me tals such as the metalloporphyrins, it is well known 
that the me tals provide coordination sites. The ir biological 
functions are often influenced by the nature of, or the e x-
change of, labile extraplanar ligands as wel l as the variable 
oxidation states of the metal. Therefore axial ligand binding 
may provide more insight into the behavior of these species 
in biological systems. 
The effects of added ligands such as pyridine, imidazole, 
and cyanide have been examined both in aqueous 62 and non-
aqueous sOlvents. 63 ,64 Spectral and magnetic moment studies 
in the former work show that ligands such as pyridine, nitrite, 
thiocyanate, benzimidazole, 2-methylimidazole, and histidine 
do not alter the spectra and oxidation state of the metal, but 
the strong ligands cyanide and imidazole do, facilitating the 
oxidation of CO(II)TSPC 4- by atmospheric oxygen to CO(III) 
The products of the reaction after several hours 
of reaction time are CO(III)TSPC(Imid)2 and an hydroxo complex 
of CO(III)TSPC 3- with cyanide being destroyed during the oxi-
dation. Diamagnetic species present after air is admitted with 
these two ligand complexes supports a 
i 4-f both ligands are added to CoTSPC 
gen no oxidation Occurs as evidenced 
which show paramagnetism . 62 
Co(III) species. Howe ver, 
under deoxygenated nitro-
by their magneti c properties 
When ligand studies involving pyridine, imidazole, and 
cyanide were conducted in dimethylsulfoxide, a Co(II) species 
remains but in the case of cyanide, a Co(III) complex with a 
8 
4- 64 TSPC anion was proposed . Under deoxygenated nitroge n i n 
the presence of cyanide CoTSP C4 - has been p roposed to 
d ispropor t i onate : 63 
2Co(II)TSPC 4- _ - Co(I)TS PC5- + Co (III)TSPC3- (1) 
No oxy ge n a dduct could be prepared although a trans i tory 
4-o xy gen a dduct of Co(II)TSPC is proposed when imidazole is 
present . 4-I n alkaline solutions of CoTSPC ,an oxygen adduct 
forms with a n e w band appearing at 6 70 nm and an isobestic 
point at 645 nm. The 626 nm band of the dimer remains un-
changed with respect to its wavelength but its intensity de-
creases in the presenc e of mo l ecular oxygen. 65 These changes 
can be reversed by bubbling nitrogen gas purified of air 
present at 70 ° C. Speculation is that due to the similari t y 
of the wavelengths of monomer and oxygen adduc t (663 nm and 
670 nm) the oxygen addition occurs at an axial pos i tion of 
4- d the monomeric CoTSPC . The oxygen a duct is beli e ved to 
have a stoichiometry of co :02 of 2 :1 and an equilibrium con-
sistent with: 
( COTSPC 4-) 2 
----
2CoTSPC4- (2 ) 
-
CoTSPC4- + 02 
--
°2 ' COTSPc4- (3) 
.
0 2 ' COTSPC4- + CoTSPC 4-
--
CPSTCO ' 0 2 ' COTSPC
8
- ( 4 ) 
.--
or overall (COTSPC 4-) 2 + 02 ~ CPSTCO ' 0 2 ' COTSPC 8- ( 5 ) 
The latter isobestic point a t 645 nm is consistent wit h 
an equi l ibrium involving dime r and oxy ge n adduct a s sh wn in 
equation 5 . Electron spin resonance ( ESR) studies confirm 
the presence of an oxygen adduct,and it has been interpreted 
as a Co(III) complex with the superoxide anion, (02- ) in th e 
bridged form of GPSTCO(III)-02- CO(III )TSPc7-. 66 
Al though there have been a few studies made of ligand 
4-addition to CoTSPC , severa l have bee n made wi th othe r 
67 - 71 
metallophthalocyanines, particularly the iron c omplex . 
Some kinetics o f their r eac tions have been repor ted in the 
literature . 7 0- 75 This work describes a kinetic study o f 
4-CoTSPC to which cyanide is added under a variety of con-
ditions to gain more insight as to the type of reactions 
involved. 
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EXPERIMENTAL 
The experimen t al secti o n is c omp os e d of four parts. 
These parts include ma terials, apparatus, kinetic and 
spectral measurements, and preliminary experiments. 
A. Materials 
1. COTSPC4-
The tetrasodium salt of COTSPC 4- used in this 
project was obtained from Dr. Daryle H. Busch of Ohio State 
University and from Dr. Z. A. Schelly of the University of 
Utah. The dark purple salt was dried in vacuo and kept in 
a vacuum dessicator to prevent mOisture absorption from the 
air. The s pectral properties of the dye was in abreement 
44 46 with pre vious literature values. ' 
2 . Other Chemicals 
a. Reagent g rade sodium cya nide was purc hased 
from J. T. Baker Company and was used wi t h no further 
purification. 
b. Res e arch grade sodium h ydroxide so lut i on 
was ob t ai ned from Mallinckrodt, Inc. and us e d a s 
purchased. 
c. The reagent g rade g lacial acetic a cid was 
p urchased from Matheson, Coleman, and Bel l and was 
utili ze d without furth e r purification. 
d. Ur e a was ob t ained from Mallinckrod t, Inc. 
and wa s us e d as purchased. 
10 
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e . Re age nt grade N, N- dime t hyl fo r mamid e was 
ob t ained from Mathe son , Coleman, a nd Be ll and use d 
with no further purification . 
f. Deionized distilled water was used in all 
kine tic and spectral measurements. 
3. Gases 
a. Technical grade argon gas was obtained 
from the Southern Welding Supply Company, Inc., of 
Bowling Green, Kentucky. Oxygen impurities were 
removed from the argon by passing the gas through a 
chromium(II) scrubber before purging the solutions 
4-
of CoTSPC . A purging period of one hour was made 
with argon on each solution to be deareated prior to 
each kinetic and spectral measurement. 
b. The technical grade oxygen gas was obtained 
from the Southern Welding Supply Company, Inc. and 
used as purchased. 
B. Apparatus 
1 . Cary Model 14 Recording Spectrophotometer 
Kinetic and spectral meas urements we r e made on a 
Cary Model 14 recording spectrophotomet er . This instrument 
can be used in the ultraviolet, visible , and near infrared 
spectral reg ions. The kinetic and spectral measurements, 
however, were made in the visible region of the light s pe c-
trum. Constant remperatures of the reaction solutions 1n 
the s pectral cells were maintained by continuously circulating 
water through the cell jacket from a Haake Model FE constant 
temperature circulation bath which was connected t o the cell 
12 
jacket via ~ inch ty gon tubing . This system permits sol utions 
in the spect r al cell to be maintained at a d e signated tempera-
ture to within ± 0 . 03° C over a temperature range of 25-80 o c. 
Rectang ular q uart z cuvette cells of 1 cm path length 
were normally used for the kinetic and spec t ral measurement s. 
A slidewire with a 0-2 absorption range was used for the 
kinetic and spectral measurements of the dye solutions. For 
low dye concentrations, a more sensitive slidewire with a 
0-0.2 absorption range was utilized. The limit of error on 
the spectral measurements is ± 0.001 absorbance uits. 
2. Stopped-Flow Equipment 
Reaction rates that were too rapid to be measured 
on the Cary Model 14 spectrophotometer were measured in a 
glass teflon spectral stopped-flow apparatus. This stopped-
flow apparatus consists of two 50 ml glass syringes mounted 
on an aluminum pushing block and surrounded by glass jackets 
that allow water from a constant temperature bath to circulate 
arouhd the glass syringes for temperature control. Each 
syringe is attached to a 3-way stopcock via p olypropylene 
tubing which in turn is connected to an Atom-Mech 8-jet, 2 mm 
teflon mixing chamber. This mixing chamber is helf firmly 
in a brass constant temperature control bloc k secured to a 
bakelite jacket with hose attachments in orde r to allow water 
from a constant t emperature bath to circulate for temperature 
control. The reactants are kept in g lass reservoirs with 
plexiglass jackets to allow thermostated water to circulate 
for temperature control. These r eac tants can be drawn into 
the syringes througp 3-way stopcoc ks . 
The rea ctant f low f r om each s yringe is sp li t into two 
streams before combinin g inside the 8- je t mi xi ng chamb e r. 
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The effluent stream from the mixing chamber passes through a 
quartz observation tube ( 2 mm light path) which is attached 
to the mixing chamber and held firmly in a channel formed 
between two aluminum blocks. Light from an Aminco #4-8459 
grating monochromator traverses the short length of the 
quartz observation tube (tube diameter) with the width of 
the light beam controlled by means of an adjustable slit on 
the monochromator. The transmitted light beam can be 
detected and amplified by a Varian EMI #6254B photomultiplier 
tube. The output from the photomultiplier tube is connected 
to a microammeter to measure the photomultiplier current with 
the current being maintained between 9-10 microamperes on 
each kinetic run. The current from the microammeter is 
directed to an Aminco #4-8418A Kinetic Photometer for opti-
mization of the dynamic photometric signal, i.e., the best 
signal to noise ratio for the e lectronics involved. The 
output from the kinetic photometer is fed to a Type 3A9 
Differential Amplifier of a Tektroniz Type R 56 4B Mod 08 
Storage Oscilloscope whe re the photomultiplier curre nt is 
converted to voltage. A Tektronix 3B3 Time Base Unit which 
controls the sweep rat e of the signal across the screen of 
the oscilloscope is used to monitor the time rate of change 
of the signal voltage during the course of a reaction. 
The stream passing the observation tube is fed to one 
arm of a 3-way stopcock. The second arm is connected to a 
vertically mounted 5 0 ml stopping syringe while the remaining 
l~ 
arm is employed in the sampling and d is posal of t he mixed 
solutions. When th e 3-way stopcocks are in the proper 
Positions, it is possible to withdraw the reac tant solutions 
into the two reactant s yringe s and then, after thoroughly 
being mixed in the mixing chamber, the reactants can be 
manually pushed past the observation tube. From the obser-
vation tube the reactant stream is fed to a stopping syringe 
where the flow stops instantly when the plunger from the 
stopping syringe strikes the mechanical microswitch mounted 
on the stopping block located beneath. This microswitch also 
triggers the oscilloscope since the oscilloscope's triggering 
circuit is electrically connected to it. 
A reaction can be followed on the screen of the scope 
which shows the transmittance of the stopped solution recorded 
in voltage as a function of time. Half-lives of 3 milli-
seconds or longer can be measured with this instrument. An 
Aminco 120 watt Tungsten Iodide lamp is the light source in 
the visible region of the light spectrum where the kinetic 
and spectral measurements are made. The power supplies for 
the photomultiplier tube and light sources are a Power Design 
MOdel 1 565 High Voltage DC Power Supply and a Harrison LVR 
MOdel 627~A, respectively. The screen of the oscilloscope 
containing the kinetic curve of the reaction is photographed 
with a Tektronix Polaroid C-12-R camera loaded with Polaroid 
Type ~7 black and white film. The design of this stopped-
flow apparatus is similar to that reported by Sutin et. al . 76 
1 5 
3 . Portable Microprobe Thermomet e r 
The temperature s of the reactants can be 
accurately measured with a portable mic roprobe the r mometer. 
It is a Mode l Bat-4 unit manufactured by Bailey Instruments 
Company, Inc . The liquid immersion probe of the thermometer 
is 0.1 cm in diameter and three feet in length. All of it 
is enclosed in a chemical-resistant teflon sheath. The 
portable thermometer and the immersion probe, Model #8506-75, 
were purchased from Cole Parmer Instrument Company . The 
probe can be placed in the spectral cell containing the dye 
solution while the spectral compartment of the Cary 14 is 
covered, thus allowing better accuracy of the temperature 
measurements. The covered spectral compartment allows the 
temperatures of the solutions to equilibrate faster and 
reduces excessive heat e xchange to the surroundings . 
4 . Analytical Balance 
A Sartorious analytical balance, Model #2402 , 
is made in Gottingen, Germany, by Sartorious-Werke AG and can 
be used for the weight measurements . The instrument has a 
200 g range with an accuracy of ± 0.10 mg . 
5 . pH Meter 
The pH of all the dye solutions and their pro-
ducts was measured with a pH meter, Model IP, designed and 
manufactured by Sargent-Welch . The pH probe is a combination 
electrode 91 - 05 gel filled from Orion Research, Inc. Fo r pH 
measurements made under arg on, a 20 0 ml Erlenme yer flask was 
utili zed and covere d with a cork stopper in which holes were 
bored to introduce th e pH probe and the glass tubing use d to 
16 
dea r eat e t he soluti on s ~i th the arg o n as . Anot her hole was 
bore d fo r venti l ation and introd c tio n of t he r e actan t s into 
the ves sel . A magnetic bar was placed inside t h e flas k , and 
a magnetic stirr e r was us e d f o r agitation of the solutions. 
Appropriate standard buffer s olut i ons ob t ain ed fr om Sargent-
Welch were utilized to calibrate t he pH meter in t he various 
pH r egions. 
6. Oxygen Gas Scrubber 
A ga s deareator assembly was used with a chromium 
(II) solution to purify the arg on gas of oxygen. The chromi-
um(I I) oxygen scrubber was prepared by dissolving the surface 
oxide of reagent grade Mossy zinc with a 6 M solution of 
reagen t g rade hydrochloric acid. Ten milliliters of a satu-
rat e d solution o f reagent grade mercuric chloride in c oncen-
trated hydrochloric acid was then added to form the zinc 
amalgam us ed to prepare the Cr(II) solutions. The zinc 
solution was allowed to stand s e veral minutes t o complete 
the amalgamation process before bein g thoroughly washe d with 
deionized wate r. The amalgamated z inc was t hen p lac ed in a 
gas scrubbing appara tus and t he g reen chromium(III) solution 
was r educed to chromium(II) which has a lig ht blue co l or . 
The appearance of the blue color and the disappearanc e of all 
the gr ee n color indicates that the o xygen sc rubber is r eady 
for use . 
C. Kinetic and Spectral Measurements 
This part is subdivided into thre e s ections : 1 ) 
Kinet i c runs obtained in air and followed on the Cary Model 14 
spect rophotome ter ; 2 ) Kinetic runs pe rfo r med unde r deareated 
1 7 
argon gas , nd foll owed on the Cary Mode l 14, and ; 3) Kinetic 
runs measured on the stoppe d- f low appar atus in air and under 
-4 4-argon gas . A stock solution of 10 M CoTSPC was prepared 
by dissolvi ng 1 0 . 1 6 mg of the dy e in 100 ml of deioni ze d 
distilled wat e r. From this stoc k solution, concentrations of 
5 x 10-5M, 5 x 10-6M, and 5 x 1 0-7M solutions were prepared by 
appropriate dilutions of the stock solution with deionized 
distilled water. Spectra were taken of each solution on the 
Cary Model 14 and the concentration of the dye verified from 
absorbance values which were found to be in agreement with the 
literature. 44 ,46 The kinetic runs were obtained by maintaining 
the sodium cyanide solution in large excess so that all 
reactions were pseudo-first order. This also ensured that the 
reaction went to completion on e very run. The reactants we re 
allowed to equilibrate in the thermostated spectral cells so 
that both reactants were at the same temperature. All kinetic 
runs we r e made at least in triplicate . 
1. In Air 
A small amount (1 . 9 ml) of the dye solution was 
pipet ted into a thermostated cuvette cell located in the 
Cary Model 14 spectrophotometer . A sodium cyanide solution 
(0.1 ml) was placed in the cell containing the dye solution 
with a 100 ~l Eppendorf pipette. The reactants were then 
mixed quickly with a teflon wand a nd the reaction wa s followed 
spectrophotometrically by monitoring the appearance of the 
resultant COTSPC 4--CN- complex at a waveleng th of 675 nm. 
Other waveleng ths monitored ( 310 and 420 nm) Which gave l es s 
pronounced ma~ima yielded the same kine tic results. 
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The io n i c stre n g th was kept essentially constant for 
the various r e action conditions using the e xcess sodium 
cyanide salt. No othe r salts were added since s alts t e nd to 
4-polymerize the CoTS PC sol ut ion bey ond the dimer stage. 
Reactions were performed over a dye concentration range of 
4 . 75 x 10-7M to 4 .75 x 10-5M and a cyanide concentration 
range of 0.0015 M to 0.15 M to determine the reaction order 
of each reactant. In all cases. plots of the logarithm of 
absorbance versus time were biphasic and had to be separated 
by extrapolating the slow step to the start of the reaction. 
The absorbance of this reaction had to be separated from the 
composite kinetic curve to determine the absorbance contri-
bution from the faster step. When this was done. straight 
lines were obtaine d for each step . 
4-The reactions between CoTSPC and cyanide were also 
examined under alkaline and acidic conditions. The dye was 
dissolved in a 0.1 M NaOH solution and aged for 24 hours 
before r~action with the cyanide. Acidic sol utions were pre -
pared by dissolvin g the dye in 80% w/w acetic acid-water 
mixture and aged overnight before use. Other experiments 
involving COTSPC 4- and cyanide were performed under a variety 
of different conditions including the following: 
a. Mo lecular oxy gen bubbled through an aqueous 
dye solution for time periods of 20 . 60 . and 
1 20 minutes. 
b. Dye in 1 M urea. 
2 . Under Argon 
Kinetic runs made in the p r esence of air were 
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r e peated with solution s purge d with argon to remove t he air 
for comparison . The spectral cells were fitted with rubb e r 
septum caps obtained f rom Arthur H. Thomas Co. Rubber bands 
were used to seal and secure the septum caps to the spectral 
c e ll. Argon gas was then bubbled for one hour throug h both 
the dye and cyanide solutions. Oxygen was removed from the 
argon gas by passing t he gas through a chromous oxyge~ scrub-
ber prior to purg ing the dye and cyanide solutions. A 1 cc 
Becton-Dicke nson tuberculin syringe graduated to 1/100 cc 
was used to transfer the amount of cyanide to the COTSPC 4-
solution whe,re the reaction was initiated. Argon gas was 
allowed to bubble through the solution for a few seconds to 
mix the reactants prior to each kinetic run. 
Activation parameters, 6HI and 6S' were obtained over a 
temperature range of 294-314°K. Experimental errors obtained 
for 6H' and 6SI were of ± 0.3 kcal/mole and ± 5 e.u., 
respectively. 
3. Stopped- Flow Kinetic Measurements 
For reac tions conducted on the stopped-flow 
apparatus, the r e actants were prepared so that the final 
concentrations were t he same as those us ed on the Cary Model 
14 spectrophotometer. The r eact ions were followed at a wa ve-
length of 675 nm and over a temperature r ange of 294 - 3140K 
fo r comparison wi th the r esults on the Cary Mode l 14. When 
the reaction was run under argon gas, g lass t ub ing was 
attached from the oxygen scrubber to the g l as s reservoirs, 
containing t he r eagents . Argon gas was bubbled through each 
reac tant solution for one hour before the kinetics were 
performed. 
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D. Pr e liminary Experiments 
Kine t ic runs wi th differen t ligands were attempted 
in water using NaOH, NaN 3, and NaSCN . These reactions we re 
found to be too slow to be followe d on the Cary Model 14. 
Other ligands such as imida zo l e and ammonia gave reaction 
rates that could be measured on the Cary Model 14, but the 
results were not reproducible. 
Solvents such as DMF and DMSO were examined briefly 
since only monomeric species of the COTSPC 4- are present. 
Reactions of the dye with cyanide using DMF as the solvent 
are promising while those in DMSO are not since cyanide is 
not very soluble in this solvent. 
Dye oxidizing agents such as potassium ferricyanide 
[K 3Fe(CN)6 J and ceric ammonium nitrate [(NH4)2ce(N03)6J were 
examined and the spectrum of each product was compared with 
4- _ 
that obtained for the CoTSPC - CN system. The reaction of 
potassium ferricyanide with the dye was too slow to be fol-
lowed on the Cary Model 14,and the system had to be heated 
for 24 hours. Hence no spectral comparison with the dye-
cyanide system could be made. On the other hand, the reaction 
of the dye with c e ric solution was too fa s t to be followed on 
the Cary Model 14. The spectra of the products formed showed 
extensive oxidation of the phthalocyanine ring and hence co uld 
4- _ 
not be compared with the CoTXPC - CN system. 
Buffered solutions of COTSPC 4- were also prepare d but 
no information could be obtained since these buffered solu-
tions were unstable , i.e.,dye polymerization appeared to have 
occurred. 
RESULTS AND DI SCUSSION 
4- -Analysis of the kinetic data fo r the CoTSPC -CN system 
in aqueous solution shows two r e actions when performed under 
argon. One is quite rapid, but thi s reaction can be measured 
on the stopped-flow apparatus. The other reaction is slow 
and can be measured on the Cary Model 14 spectrophotometer. 
Reexamining this sytem in air, three reactions are obtained. 
The first reaction is fast and can be measured on the stopped-
flow apparatus while the other two reactions are sufficiently 
slow so that each can be monitored on the Cary Model 14 spec-
trophotometer. Other studies are conducted in alkaline and 
acidic aqueous solutions to determine the effect of pH on the 
reactions rate. Spectral measurements are obtained for this 
system under argon and in air. 
A. Stopped-Flow Kinetics 
The reactions of COTSPC 4- in water and in aqueous 
cyanide solutions both show a single fast relaxation step 
which we attribute to the perturbat ion of a monomer-dimer 
equilibrium. Rat e constants for t he f ormation and dis soc ation 
of the dimer species in aqueous solution, when corrected f0r 
t emperat ure differences , are i n good agreement with the 
literature . 44 ,46 This r esult suggests that t he cyanide 
addition to either the monomer or dimer, or both ,is not 
detected on the stopped-flow apparatus. Measurements of the 
relaxation times are made over a total dye 
of 4.75 x lO-7M to 4.7 5 x lO-6M at 29 4°K. 
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conc entration range 
. 4- -For t he CoTSPC -CN 
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system , the same dye concen trations a nd temperature are used 
o ver a cyanide concentration r ange of 1. 5 x 10- 2 to 0 . 50 M. 
The r e laxation time is independent of the cyanide conc entra-
tion over the range examined and supports the observat ion 
that the reaction did not involve a cyanide addition. The 
absorbance observed on the stopped-flow is consistent with 
that measured on the Cary Model 14 spectrophotometer where 
an initial rapid increase in absorbance is noted on all the 
reactions examined in air and under argon. 
B. COTSPC 4--CN- System Under Argon 
Spectral studies of the COTSPC4- complex with cyanide 
have been made under argon and the results interpreted in 
terms of a COTSPC(CN)2 6- product. 8 Analysis of the kinetic 
data in argon shows two reactions, one quite rapid and 
measurable on the stopped-flow apparatus (attributed to the 
perturbation of the monomer-dimer equilibrium) while the second 
reaction was monitored on the Cary Model 14 spectrophotometer. 
Table 1 shows the reaction rat e constants obtained on the 
Cary Model 14 for this system. The observed rate constant 
is consistent with a f irst order dependency on the dye and 
cyanide concentrations, r e spectively. The second order rate 
constant is 0.11 M-lsec- l at 294 °K. The concentration of the 
4-monomer species in aqueous C0TSPC solution is determined 
from dimeriza tion constants (KO) reported by Schelly et. al. 
at different temperatures. 44 For total dye concentrations 
of 4.75 x 10-6 and 4.75 x 10-7M at 29 4°K the concentrations 
of the monomer species are obtained. Using a dimerization 
Table I 
Determination of Reaction Order In Argon 
107(COTSPC4-)T 103(CN-) 107(COTSPC4-)~ 4 k2 10 kObs (M) (M) (M) (s-l) (M-ls- l ) 
4 .75 150.0 1.9 163.00 0.11 
47.50 150.0 7.1 130.00 0.09 
47.50 15.0 7.1 17.00 0.11 
47.50 1.5 7.1 1. 72 0.11 
·Calculated from reference 44 and using a dimerization 
constant of 4 x 106M-l at 2940K. 
2 3 
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cons t ant of 4 x 106M- I , the mo~omer concentrations obtained 
at t otal dye conce ntra tions o f 4.7 5 x 10-6M and 4 .75 x 10-7M 
are 7.1 x 10-7M and 1. 9 x 10-7M, r espec t ive ly, as presented 
in Tabl e 1. 
Al l r e a ct ions i n this study a r e pe rformed unde r pse udo-
f i r s t orde r conditions with cyanide pr e sent in large excess. 
Th e overall rate law is consiste n t wi t h 
Rat e = k2 [ COTSPC( CN ) 5- ][CN- ] = kObs [COTSPC ( CN ) 5- ] ( 6 ) 
Thi s resu l t is consistent with a reaction involving a cyanide 
. 4-
attack at t he axial position of CoTS PC • The rapid initial 
absorbanc e increas e at 67 5 nm is consistent with the previously 
mentioned perturbation of a monomer-dimer equilibrium toward 
the monomer, but t he monomer shift is much larger than that 
observed in the absence of cyanide . Consequently, the 
possibility exists that the first cyanide has already attacked 
the dye s pecies forming a mono cyanide complex with the dye. 
Moreover, since the absorbance increase occurs quite near to 
the monomer band, it has been proposed that cyanide attacks 
the monomer species rather than the dimer. 8 This argument 
is consistent with electrostatics where a greater coulombic 
repulsion woul d be expected be tween cyanide and dimer upon 
lignad attack. Assuming that cyanide does attack t he monmer, 
the followin g reaction scheme has been proposed. 
(COTSPC 4-)2 4- r ap id (7) • 2 CoTSPC , .. 
COTSPC4- + CN- kl COTSPC( CN ) 5-, rapid ( 8 ) • 
COTSPC( CN ) 5- + CN- k2 COTSPC ( CN)26- ( 9 ) • rds 
whe r e s tep ( 9 ) i s r at e dete r mi ning with k2 = 0 . 11 M-lsec-l. 
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There is some j us t ification for st ep ( 8 ) being r ap id since 
ligand additions to Co (I I ) comple xes are reporte d to be fast 
in the li t e ratur e . 77 ote that addition of cyanide to the 
monomer would shi ft the monomer- d i mer equilibrium (7) to the 
monomer depleting t he dimer as has been observed spectrally 
on the Cary 14 spectrophotometer . Although the second ligand 
addition is proposed t o be slow, several studies have been 
reported with other me tallophthalocyanines in which the overall 
substitution reaction is believed to occur in two steps with 
the second ligand addition being slower than the first. 75 ,78 
Many studies have been reported which suggest that rates of 
ligand addition to the axial positions of transition metal 
phthalocyanine complexes are much slower than ligand substi-
tutions on other complexes of the same metal. 68 ,69,73,77,79 
Moreover, since most of the ligand addition studies with 
metallophthalocyanines have been made in solvents other than 
water, a direct comparison with our work is not possible. 
4-React!ons of CoTSPC with cyanide were examined over 
a temperature range of 294-314°K and the rate constants are 
reported in Table II. A plot of 10g(kobs/T) vs liT (Fi g ure 2) 
is linear and yields activation parameters, ~H' and ~S' of 
3 ± 0 . 3 kcal/mo l e and -56 ± 5 e.u., respectively. Some dif-
f erences in r ate constants ar e ob tained when studies are made 
in alkal ine (0 . 1 M NaOH) aqueous solutions but not in acidic 
( 80% acetic ac id) aqueous solution. Thes e results suggest 
that the nature of the ligand attached to the dye in the axial 
positions may influence the reaction rate. There was no 
26 
Table II 
Summary of Kinetic Results In Argon 
107 (COTS PC 4-)T (CN-) T 3 10 kObs 
( M) (M) (OK) (s-l) 
4.75 0.15 294 16.30 
47.5 0 0.15 294 13.00 
47 . 50 0.15 304 16.50 
47.50 0.15 314 19.20 
47.50 0.15 294 5.41-
47.50 0.15 294 15.40" 
-Dye in 0.1 M NaOH aqueous solut ion . 
--Dye in 8 0~ acetic acid-aqueous s olution. 
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